The human brain can process facial expressions of emotions rapidly and without awareness. Several studies in patients with damage to their primary visual cortices have shown that they may be able to guess the emotional expression on a face despite their cortical blindness. This non-conscious processing, called affective blindsight, may arise through an intact subcortical visual route that leads from the superior colliculus to the pulvinar, and thence to the amygdala. This pathway is thought to process the crude visual information conveyed by the low spatial frequencies of the stimuli.
A B S T R A C T
The human brain can process facial expressions of emotions rapidly and without awareness. Several studies in patients with damage to their primary visual cortices have shown that they may be able to guess the emotional expression on a face despite their cortical blindness. This non-conscious processing, called affective blindsight, may arise through an intact subcortical visual route that leads from the superior colliculus to the pulvinar, and thence to the amygdala. This pathway is thought to process the crude visual information conveyed by the low spatial frequencies of the stimuli.
In order to investigate whether this is the case, we studied a patient (TN) with bilateral cortical blindness and affective blindsight. An fMRI paradigm was performed in which fearful and neutral expressions were presented using faces that were either unfiltered, or filtered to remove high or low spatial frequencies. Unfiltered fearful faces produced right amygdala activation although the patient was unaware of the presence of the stimuli. More importantly, the low spatial frequency components of fearful faces continued to produce right amygdala activity while the high spatial frequency components did not. Our findings thus confirm that the visual information present in the low spatial frequencies is sufficient to produce affective blindsight, further suggesting that its existence could rely on the subcortical colliculo-pulvino-amygdalar pathway.
Introduction
In 1973, Larry Weiskrantz coined the term "blindsight" to designate the astonishing ability that is sometimes observed in cortical blindness, whereby patients might detect the spatial location, or correctly guess certain basic characteristics of visual stimuli, such as shape, motion, or wavelength (Weiskrantz, 1986 (Weiskrantz, , 2010 Weiskrantz et al., 1974) . Surprisingly, the study of one such blindsight patient (GY) revealed that blindsight could also occur for apparently more complex visual features including emotional facial expressions, pointing to the existence of an affective form of blindsight (de Gelder et al., 1999) . The reliability of affective blindsight was further corroborated in a subsequent patient (TN) who had lost both visual hemifields following two consecutive bilateral strokes that rendered him cortically blind, and who also revealed an above-chance performance when guessing facial expressions, and who further showed right amygdala activation in response to these stimuli (Pegna et al., 2005) .
One of the key questions arising from these observations is by what pathway the amygdala receives its visual information, particularly in cases such as TN, who showed a complete destruction of his primary visual cortices (i.e., a loss of both left and right V1). Several explanations have been put forward to account for these findings (reviewed in Celeghin et al. (2015) ). One influential hypothesis (LeDoux, 1996 (LeDoux, , 2012 suggests that the amygdala is activated through a subcortical projection that bypasses cortical regions, and allows rapid, coarse processing of threatening stimuli (LeDoux, 1996) , and possibly more generally, of stimuli that are essential for survival (LeDoux, 2012) . A growing body of evidence points to the existence of such a subcortical pathway, which is thought to project from the retina to the superior colliculus and pulvinar, and thence to the amygdala (see discussions by Tamietto and de Gelder (2010) , Diano et al. (2017) , Tamietto and Morrone (2016) ). Moreover, evidence of activation of this pathway for facial expressions has been obtained in healthy participants and in patients with cortical blindness (Morris et al., 1999) . However, this
